Pseudomonas aeruginosa is a gramnegative bacterium that can be found in soil, aquatic environments or on the surface of animals, plants and humans [1]. It is commonly isolated in immunocompromised patients in intensive care units and can cause urinary tract infections, pneumonia, folliculitis, otitis, keratitis, osteomyelitis and meningitis [2,3]. The compounds present in oils of species of the genus Cymbopogon are known to present several activities, including antimicrobial activity [4]. This work aims to perform a multitarget molecular modeling of essential oil components from citronella (Cymbopogon winterianus) against P. aeruginosa.
http://sciforum.net/conference/mol2net-05
Materials and Methods
Initially, the 2D chemical structures of the 15 compounds under study were designed using ChemAxon's MarvinSketch 19.9 [5] . These structures were then imported into the software HyperChemTM 8.0.6 to optimize them using the molecular mechanics method (MM +) and the semiempirical method (AM1) [6] , where the number of cycles was adjusted to 600. Thus, the 3D structures of each molecule were obtained in the lowest energy conformation.
The three crystallographed proteins chosen as targets were exotoxin A (ExoA), UDP-3-O- [3- hydroxymyristoyl] N-acetylglucosamine deacetylase (LpxC) and penicillin-binding protein 3 (PBP3).
Protein resolution values were 2.1 Å for ExoA (PDB ID 1XK9), 1.8 Å for LpxC (PDB ID 5VWM) and 2.31 Å for PBP3 (PDB ID 4KQO). All presented inhibitors coupled to their crystallographic structure, which allowed the delimitation of the active site of each protein.
Molecular docking was performed using the Molegro Virtual Docker 6.0 [7] , using the molecules under study, antibacterial drugs used as controls and co-crystallized inhibitors with the three proteins. In order to classify the best molecules, the total energy of ligand-receptor interaction was verified, where the best value is the lowest [8] .
The docking procedure was validated by re-docking the co-crystallized inhibitor in the active site of protein, thus, it is possible to estimate the Root Mean Square Deviation (RMSD) [9] . RMSD is calculated between the coordinates of the heavy atoms of the crystallographically determined ligand structure and the docked ligand [10] . RMSD < 2.0 Å is widely accepted in the literature for docking prediction [11] .
The software Molegro also allows the analysis of ligand interactions with protein amino acid residues: hydrogen bonds (blue dashed lines), steric interactions (red dashed lines) [12] and electrostatic interactions (green dashed lines) [13] . Therefore, the types of interactions of 5 poses for each protein were obtained.
Results and Discussion
The molecular docking procedure was performed with the compounds under study where they demonstrated promising ligand-receptor interaction energies for all proteins. These energies ranged from -70.723 kcal.mol -1 to -972.659 kcal.mol -1 for ExoA, from -60.972 kcal.mol -1 to -772.392 kcal.mol -1 for LpxC and from -564.702 kcal.mol -1 to -900.617 kcal.mol -1 for PBP3, as shown in Table   1 . RMSD results were: 0,289681 Å (ExoA), 0,345203 Å (LpxC) and 0,328067 Å (PBP3); indicating that the molecular docking procedure is reliable. http://sciforum.net/conference/mol2net-05 It can be noted that the molecular docking results were excellent, since all molecules under study presented negative values of interaction energies with each protein. This indicates that they have a multi-target effect, which increases the likelihood of their biological activity.
The interactions between amino acid residues of each protein were also verified with: the best pose, the 3 compounds that showed the lowest energies among the molecules under study and with the inhibitors. For ExoA (Table 2) , the levofloxacin control showed the lowest energy between poses and made hydrogen bonds with the residues Thr442, Glu553 and Tyr481. This latter residue also makes hydrogen bonds with citronellyl acetate and β-citronellal. Citronellyl acetate showed a very low interaction energy that approached the energy of levofloxacin, where it can be observed that these two molecules made steric interactions with the residues His440, Gly441 and Tyr481.
http://sciforum.net/conference/mol2net-05 (Table 3) , the ciprofloxacin control had the lowest interaction energy and performed 2 hydrogen bonds with the residue Thr190. It is noted that this residue and Leu 200 participated in steric interactions with ciprofloxacin, germacrene D and germacrene D-4-ol. For PBP3 (Table 4) , ciprofloxacin presented the lowest interaction energy, being observed 2 hydrogen bonds with Tyr407 and Tyr328. Germacrene D-4-ol had the second lowest interaction energy and made hydrogen bonds with residues Tyr409 and Thr487. This latter residue also participates in steric interactions with ciprofloxacin, germacrene D-4-ol and the JPP inhibitor. It is noteworthy that the residue Tyr409 made different interactions with this inhibitor and with all 4 poses that presented the best results. By analyzing Tables 2, 3 and 4, it can be observed that citronellyl acetate is among the study compounds with the best results for each protein, showing excellent results for demonstrating low interaction energies with all 3 proteins. In Figure 1 below, the types of interactions of some molecules with the proteins can be visualized.
http://sciforum.net/conference/mol2net-05 Based on molecular docking data, citronella essential oil compounds are promising against selected P. aeruginosa targets. Thus, it is important to obtain more data on these molecules by conducting different studies, such as prediction of biological activity, research on cytotoxicity risks and biological tests.
